Abstract. The aim of the study was to evaluate the impact of phenotypic factors on the probability of conception to first service. The study analysed 49 317 lactation records gathered between 1995 and 2007 in Iran, detailing six consecutive lactations in 13 herds of Holstein cows. The impact of phenotypic factors on the conception to first service was evaluated using the classification tree technique. The CHAID algorithm with the Pearson Chi-squared test was used as the division criterion. The resulting tree was six levels deep and consisted of 22 leaves. The greatest divisions in the tree occurred based on the year of calving (five divisions), herd and parity (four divisions each), level of milk production and age at calving (three divisions each). Fewer divisions occurred based on the month when the first insemination was performed (two divisions). The tree structure obtained in the present study allowed identification of combinations of levels of factors associated with highest probabilities of conception. The highest rate of conception to first service was recorded for cows that: while calving were younger than 5 years old; were in herds 2, 4, 5, 7, 8, 12 and 14; and were inseminated in January, February, March, April, May and November. Those cows were at least in their third lactation.
Introduction
Reproductive performance, including conception rate (the percentage of first services that resulted in conception), is an important factor that affects the profitability of dairy cattle herds. With the increase in the proportion of inseminations that are successful, especially those that are successful at the first attempt, the profitability increases as veterinary costs, calving interval and involuntary culling rate decrease (Bagnato and Oltenacu 1993) . Even though cows that require several insemination attempts to conceive have a higher milk yield per lactation, they are typically characterised by an increased culling risk and reduced lifetime production and, therefore, they generate less profit (González-Recio et al. 2004) .
Several studies on conception to first service in Iranian Holstein cattle have been reported. For instance, Ghiasi et al. (2011) found conception rate to be at the level of 42%, whereas Ansari-Lari et al. (2010) reported that conception rates at the first insemination and conception rate across all services to be at the levels of 41.6% and 41%, respectively. Several factors have been linked to fertility in dairy cows including: herd, year, calving season, month when insemination occurs, production level, age, sire or inseminator and diseases (Erb et al. 1981; Hillers et al. 1984; Eicker et al. 1996; Fourichon et al. 2000; Miller et al. 2001) .
Different statistical methods are being used in explorative analysis of the insemination effectiveness. A significant number of authors use logistic models in their studies, for instance, Inchaisri et al. (2011) and Fouz et al. (2011) have applied a logistic regression model for the analysis of conception to first service, in identifying factors associated with the 56-day nonreturn rate in Spain Holstein dairy herds. Some authors (Sönmez et al. 2005 ) use a simple Chi-squared test in order to identify the factors responsible for the artificial insemination success. However, this test does not allow study of the simultaneous effect of several factors on the dependent variable such as conception to first service.
A great variety of statistical methods and models may be used in the estimation of genetic parameters of the studied variable. These include threshold models (González-Recio and Alenda 2005; Spangler et al. 2006; Ghiasi et al. 2011) , and linear and probit models (Abdollahi-Arpanahi et al. 2013) . In the case of the latter, Abdollahi-Arpanahi et al. (2013) concluded that both models were similar in genetic evaluation and estimation of genetic parameter. In addition, Sun and Su (2010) compared a linear Gaussian model with logit and probit models, likewise reporting little difference between probit and logit models in terms of genetic evaluation. However, they did conclude that both models were better for genetic evaluation of conception to first service than a linear model in terms of stability and predictive ability.
The classification tree technique is a popular data mining alternative to the probit, linear and logit models of analysing categorical traits (Piwczy nski et al. 2013) . It allows one to create graphical models that, resembles tree-like structures, with a root, trunk, branches and leaves (Lasek 2007; SAS Institute Inc. 2013) . In such a model, the whole dataset is called the root node, which, after division, generates parent and child nodes, and these in turn form 'leaves' once division is no longer possible (Piwczy nski et al. 2013) . The technique has been applied in several studies. Medical science provides many examples of the use of classification trees in data analysis (Camp and Slattery 2002; Lemon et al. 2003; Camdeviren et al. 2007; Sasser et al. 2008) . For instance, Camdeviren et al. (2007) applied the classification tree method in order to determine socialdemographic risk factors. The technique also has been used in the area of life science related to animal production. Grzesiak et al. (2011) reported that classification trees may be useful when choosing adequate measures when preparing cows for artificial insemination. A regression tree method and the chisquared automatic interaction detector (CHAID) algorithm was used by Yilmaz et al. (2013) when researching the phenotypic factors that influenced the birthweight of Brown-Swiss cattle. CHAID, one of the oldest non-parametric detection algorithms, was developed by Kass (1980) , and is considered to be an effective approach for data segmentation (SAS Institute Inc. 2013). Meyer et al. (2000) also applied a classification tree technique and CHAID algorithm in their research on calf mortality. Eyduran et al. (2013) applied both multiple regression and regression trees for the purpose of evaluating relationships between milk yield and udder traits in the first lactation of goats. The classification tree technique has also been applied to determine factors responsible for the reproductive performance of sheep, determining lamb mortality, somatic cell count in cow's milk, and factors responsible for the calving ease and stillbirths in dairy cattle (Piwczy nski and Sitkowska 2012; Piwczy nski et al. 2012 Piwczy nski et al. , 2013 . The objective of the present study was to evaluate the impact of phenotypic factors on conception to first service in Iranian Holstein cattle by using the classification tree technique.
Materials and methods
The study analysed 49 317 lactation records, collected between 1995 and 2007 in Iran, describing six consecutive lactations (from first to sixth) in 13 herds of Holstein cows from 10 different provinces (Table 1 ). The climate in each province was determined using the extended De Martonne method (De Martonne 1926) , leading to the identification of four climates: arid, semiarid, semihumid and humid. Table 1 provides information about the location and climate in which herds were kept. Herds 3 and 13 were excluded from analysis due to a small number of data records.
The management of all herds was similar. An oestrus synchronisation program was not used in any of the herds, and estruses were detected by visual observation. Cows were inseminated with frozen-thawed semen collected from dairy bulls especially of North American Holstein sires from the USA and Canada. Pregnancy diagnosis was performed 56 days after artificial insemination by rectal palpation method. The average voluntary waiting period was 73 days and the inseminations per conception in these herds numbered 2.13.
For the purposes of the study, conception to first service was defined as 1 if the cow conceived to the first service otherwise conception to first service was defined as 0. Factors that have been considered and which could have an effect on conception to first service were as follows: parity (1-6), age at calving (4-9 years), month of the year when the first insemination occurred (12 levels), herd (1-13), year of calving (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , and level of 305-day milk yield (where the level A means the milk production lower than 5000 kg, B between 5000 and 7500 kg and C higher than 7500 kg). The impact of phenotypic factors on conception rate was evaluated using the classification tree technique (SAS Institute Inc. 2013). The total dataset (49 317 observations) was divided into two equal subsets by means of stratified random sampling based on all experimental factors. During stratification, every possible combination of factors was identified. The first subset (50% of all observations) was used as a 'training set' for the technique, whereas the second (the remaining observations) was used as a 'validation set'. For the analysis, a small number of assumptions were made: the minimum size of the final node (the branch of a tree) should not be less than 20 observations, and the depth (the number of branches) should not exceed 6. These criteria for leaf size and depth were used in order to avoid inaccurate over-fitting (manipulation) of the tree to the training data, which could reflect random relations within the validation set. Moreover, the fixed proportions of observations in both training and validation sets (1 : 1) should also prevent the over-training of a classification tree. Over-fitting of the model may lead to the construction of a large decision tree that is well fitted to the data that it was constructed upon, but which is unsuitable for the classification of new data. n Þ, where: k -the number of classes, l -the size of the class, n -the size of the analysed population (cows).
As a result, three different models of classification tree were created. All resulting models belonged to single tree models (SAS Institute Inc. 2013) . Calculated measures i.e. the GINI and the ENTROPY, take on the value of zero when the distribution of a trait is focussed on a single value, and the higher the values they take, the more diverse a population is in terms of the examined trait. Among the algorithms used for building a tree, the CHAID algorithm is the oldest (Kass 1980 ), yet still, it has an undeniable advantage as the CHI, which is used as a criterion for division, provides knowledge about the significance of those divisions.
The ranking of variables due to their importance in splitting the dataset was prepared on the basis of the 'Importance' measure (Piwczy nski and Sitkowska 2012; Piwczy nski et al. 2012 Piwczy nski et al. , 2013 SAS Institute Inc. 2013 ). This measure takes values between the range of 0-1, with higher values indicating greater importance during construction of the classification tree, and in generating splits.
The quality of information provided by the decision tree models was evaluated according to the following criteria: average squared error, Kolmogorov-Smirnov statistics, cumulative lift, misclassification rate and the area under the Receiver Operating Characteristic curve (ROC index) (SAS Institute Inc. 2013) . Decreasing values of both average squared error and misclassification rate, as well as increasing values of Kolmogorov-Smirnov statistics, cumulative lift and the area under the ROC curve indicate a higher quality of a model. Statistical analyses were conducted using the Enterprise Miner 12.1 software included in the SAS package (SAS Institute Inc. 2013). The resulting graphical model, i.e. each node and leaf, present the following information: (1) the ID of a node; (2) the type of dataset -whether it is a training or validation set; (3) the percentage of successful conceptions to first service, marked with 1; and (4) the number of observations in a leaf or node (Fig. 1 ).
Results
The insemination success in respect of six investigated factors has been presented in Table 2 . Table 3 presents the evaluation of the quality of models designed based on different criteria of division, namely: CHI, ENTROPY and GINI. The values of the fitting criteria for both CHI and ENTROPY reduction typically tend to be very similar, which was also found to be the case in the present study. Moreover, those two models are generally considered to be more favourable compared with the model designed based on GINI. The only exception to this was the average squared error, which was found to be lower, and the area under ROC curve, which was higher, for the GINI model. Taking everything into consideration, the authors of the present study chose the CHI as an appropriate division criterion. The importance of each variable (in the scale from 0 to 1) in the creation of the graphical model of a tree was presented in the form of a ranking based on the Importance measure (Table 4 ). This provides information about the number of nodes resulting from the division on the basis of the variables and their importance in the training and validation datasets. Variables with the highest rank of importance demonstrated the greatest impact on conception to first service. In the present studies, parity and cow age were found to have the greatest impact on conception rate.
A graphical model of the classification tree is presented in Figs 2 and 3. The tree consists of 22 leaves and is six levels deep. The greatest divisions in the tree occurred based on the year of calving (five divisions), herd and parity (four divisions each), level of milk production and age at calving (three divisions each). Fewer divisions occurred based on the month when the first insemination occurred (two divisions). For both nodes and leaves, the value of conception rates assigned to the training column was used to interpret the results.
The first split in the classification tree referred to the cow's age at calving (Fig. 2) , resulting in two branches: the first contained cows that while calving were less than 5 years old (node 2), whereas the second contained cows greater than 5 years old (node 3). In the first instance conception rate was noted to be at the level of 50.60% whereas in the second it was lower (39.35%).
Branching from node 2 resulted in cows from herds 6, 11 and 15 being assigned to node 4, where conception rate was 41.55%, whereas cows in other herds were assigned to node 5, where conception rate was at the level of 53.94% (Fig. 2) . The split of node 4 related to the year of calving -cows that calved before 1997 were assigned to node 8 (conception rate = 64.3%), and those that calved after 1997 were assigned to node 9 (conception rate = 40.14%) (Fig. 2) . Neither node branched any further, and thus became leaves. Node 5 branched further according to herd, with cows from herds 1, 9 and 10 being assigned to node 11 (conception rate = 60.72%), and cows from the remaining herds (2, 4, 5, 7, 8, 12 and 14) being assigned to node 10 (conception rate = 51.1%). Node 10 branched further based on the year of calving, with cows calving before 1997 being assigned to node 16 (conception rate = 68.10%), whereas cows calving after 1997 Classification trees conception first insemination Animal Production Sciencewere assigned to node 17 (conception rate = 50.40%) (Fig. 2) . Node 16 became a leaf, whereas node 17 branched further, according to parity, resulting in nodes 24 (parity <3, conception rate = 50%) and 25 (parity !3, conception rate = 86.67%), after which both nodes became leaves.
Node 11, resulting from a branching of node 5, related to the month when the first insemination occurred, resulted in nodes 18 and 19. Node 19 comprised of cows inseminated in June, August and October (conception rate = 48.58%) became a leaf, whereas cows inseminated in other months were assigned to node 18 (conception rate = 64.18%), which branched further, according to the year of calving, into nodes 26 and 27. Cows that calved before 2004 were assigned to node 26 (conception rate = 67.73%), whereas cows that calved after 2004 were assigned to node 27 (conception rate = 56.44%), following which both nodes became leaves.
The branching of node 3 according to parity (Fig. 3 ) resulted in nodes 6 and 7. Node 6 presents the subset of cows aged 5 or older at time of calving and with parity lower than 3 (conception rate = 16.11%), but node 7 comprised cows aged 5 or older at time of calving and with parity !3 (conception rate = 41.19%). Node 6 branched further, on the basis of the milk yield, for which cows that produced more than 5000 kg per 305-day milk yield were assigned to node 12 (conception rate = 20.11%), whereas cows producing !5000 kg per 305-day milk yield were assigned to node 13 (conception rate = 12.89%), following which both nodes became leaves and were not divided any further.
Node 7 branched further according to the age at calving, resulting in the creation of nodes 14 and 15. Cows younger than 6 years old at the moment of calving were assigned to node 14 (conception rate = 48.30%), whereas the older cows were assigned to node 15 (conception rate = 37.69%). Node 14 was divided further, to form nodes 20 and 21 according to the year of calving, with cows that calved before 2001 being assigned to node 20 (conception rate = 54.9%), and cows calving in 2001 or later were assigned to node 21 (conception rate = 45.02%). Node 21 branched further into nodes 30 and 31 according to herd, with cows from herds 1, 4, 7, 9, 10, 14 being assigned to node 30 (conception rate = 51.34%), and cows from the remaining herds being assigned to node 31 (conception rate = 41.37%), following which both nodes became leaves. Node 20 branched according to milk yield, with cows producing less than 5000 kg of milk per 305-day milk yield being assigned to node 28 (conception rate = 59.57%), whereas cows producing !5000 kg per 305-day milk yield were assigned to node 29 (conception rate = 48.90%). Node 28 became a leaf, whereas node 29 branched further according to the month of the first insemination, resulting in nodes 36 and 37. Node 36 was represented by cows inseminated in January, February, March, April, May and November (conception rate = 58.10%), and node 37 was represented by cows inseminated in June, July, August, September, October and December (conception rate = 38.35%), following which both nodes became leaves. Node 15 further branched into nodes 22 and 23 on the basis of parity, with those having parity <4 being assigned to node 22 (conception rate = 22.60%), and those having parity !4 were assigned to node 23 (conception rate = 40.76%). Both nodes branched further, with node 22 splitting according to herd, resulting in nodes 32 (herds 1, 2, 4, 9, 10, 14; conception rate = 29.67%) and 33 (all remaining herds; conception rate = 15.80%). Node 33 terminated as a leaf, whereas node 32 branched further according to milk yield, giving rise to nodes 38 and 39. Node 38 (conception rate = 37.05%) included cows that produced less that 5000 kg milk per 305-day milk yield, whereas node 39 (conception rate = 23,48%) cows produced !5000 kg milk per 305-day milk yield (Fig. 3) after which, both nodes failed to branch further, and became leaves.
The division of node 23 was made according to age at calving, with cows that were less than 7 years old while calving being assigned to node 34 (conception rate = 48.05%), and cows that Fig. 2 . The diagram of classification tree (splits of node 2), where 'ac' stands for the age at calving, 'year' -the year of calving, 'mfi' -the month of first insemination, 'milk' -the level of 305-day milk yield and herd -the numbers assigned to particular herds.
Classification trees conception first insemination Animal Production Sciencecalved at !7 years old were assigned to node 35 (conception rate = 36.81%) (Fig. 3) . Node 34 branched further according to the year of calving, with cows calving before 1999 being assigned to node 40 (conception rate = 58.94%), and animals calving after that year were assigned to node 41 (conception rate = 45.9%) (Fig. 3) . Following which, nodes 40 and 41 became leaves. Node 35 branched further, according to parity, leading to the creation of nodes 42 and 43. Cows with a parity lower than 5 were assigned to node 42 (conception rate = 27.9%), whereas the remaining animals were assigned to node 43 (conception rate = 39.93%).
Discussion
Several studies have shown that conception to first service heritability is low and does not typically exceed 0.04 Fig. 3 . The diagram of classification tree (splits of node 3), where 'ac' stands for the age at calving, 'year' -the year of calving, 'mfi' -the month of first insemination, 'milk' -the level of 305-day milk yield and herd -the numbers assigned to particular herds.
(González-Recio and Alenda 2005; Ghiasi et al. 2011) . The variation in probability of conception to first service in cattle is largely due to phenotypic factors (Dohoo 1983 ). The present study attempts to evaluate the impact of phenotypic factors on the conception to first service trait.
The findings presented in the present study indicate an average conception rate to first service to be at the level of 43%. These results are relatively similar to those reported for Spanish Holstein cows (conception rate = 49%) (González-Recio and Alenda 2005) .
In the present study the models of classification trees were constructed based on different division criteria, and were characterised with very similar level of fitting measures (average squared error, cumulative lift, KolmogorovSmirnov statistics, misclassification rate and the ROC index). The ROC index was used as a quality criterion for the models, and the obtained values (0.628-0.632) indicated that all of the models had a poor or moderate prognostic capability. Similar values for the ROC index (0.611-0.711) were obtained in a previous study (Piwczy nski et al. 2013) . Austin (2007) who modelled mortality caused by acute myocardial infarction, obtained significantly higher values of this ratio (0.779-0.849). The measures were most favourable for the model based on the CHI, even though the values of the fitting criteria for both CHI and ENTROPY were similar. Based on these results the CHAID algorithm with the CHI as the division criterion was used for subsequent analysis.
The technique of classification trees used in the present study identified several factors responsible for the change in variability of insemination success: parity, age at calving, month of the insemination, herd, year of calving, and level of milk production. At the same time the graphical model of the tree indicates several complex interactions between those factors i.e. different variables used for dividing nodes at the same structure's depth, for instance, node 29 -month of the insemination, 32 -level of milk production, 34 -year of calving and 36 -parity. The tree structure allows identification of the optimal combination of variants (levels) of examined factors, which may improve effectiveness of insemination. However, this can hinder the unambiguous identification of the main factors responsible for the level of a trait (i.e. conception rate). They have to be considered in conjunction with other factors, as it is not designed for estimating 'overall' effects.
The Importance measure is the key to interpreting the impact of the examined factors on insemination success -the higher the Importance value, the greater the impact of the variable during the process of branching the tree. Therefore, it may be concluded that the most differentiating factors for conception rate were: parity, age at calving, herd and year of calving.
The graphical structure of the tree displays the distribution of conception rate in both training and validation sets. The validation set prevents the over-fitting of the training data and compares prediction models. The distributions of the conception rates in the validation and training sets were similar (SAS Institute Inc. 2013) . In addition, the Importance measure should be similar in both sets otherwise it may indicate that the variable on which branching is based is unlikely to be relevant. The classification tree method is known to be well suited for preliminary identification of variables responsible for the variability of the examined trait. Furthermore, by using the CHAID algorithm for building the tree, additional information is produced concerning the statistical significance of the divisions (SAS Institute Inc. 2013). Such information is not provided by other algorithms including those based on the GINI or ENTROPY. Therefore, the significance of the influence of the variables selected by the classification tree should be confirmed via other methods, for example logistic regression.
According to the classification tree models produced for predicting the conception to first service, the most important factors affecting that trait were, inter alia, the cow's age at calving and parity. In every node and leaf, the average conception rate level was lower for cows that were older at the moment of calving. These results are in accordance with those obtained by Hillers et al. (1984) who reported that older cows tended to have lower fertility performance, which may be caused by reproductive diseases that appear more frequent in older individuals (Erb et al. 1981) . The present study suggests that cows that are younger than 5 years old while calving may exhibit higher conception rate level than older cows (node 1).
In our model, the most branching occurred according to the year of calving. The classification tree indicates that the conception rate was lower for older cows, and individuals that calved before 1997 had higher fertility performance than those that calved in the following years. These results are in accordance with the study of Hammoud et al. (2010) who reported that the interval between the first insemination and calving was shorter in 1998 than in 2000, and the number of services required for conceiving increased from 1.7 (during 1985-1990) to 2.3 (during 1991-1999) .
Actions aimed at improving fertility are not currently listed among the objectives of the Iranian Holstein cattle breeding program as the greatest emphasis is on milk production. Considerable genetic and phenotypic gains in milk production have been reported in Iranian Holstein cattle, and it has been shown that the increase in milk level had a negative effect on conception rate (Rauw et al. 1998; Razmkabir et al. 2006) . Our results indicate that the average conception rate for low productivity cows was higher than for high productivity cows, suggesting that cows producing less than 5000 kg milk per 305-day milk yield had higher conception rate compared with high productivity cows. Ansari-Lari et al. (2010) reported that a high level of milk production may be a risk factor reducing fertility performance. They suggest that an increase in milk production may cause a reduction in fertility; which was supported by an observed increase of 100 kg in milk production being associated with the prolonging of the calving interval by 0.3 days. Bagnato and Oltenacu (1994) noted an antagonistic relationship between milk production and fertility, reporting that a sample of high productivity cows from a single herd subjected to the first insemination 12 days later than the main herd, had a lower conception rate (by 0.15) and required more services per conception than low productivity cows. Furthermore, Eicker et al. (1996) reported that cows that produced more than 2541 kg of milk in first 60 days of cumulative milk yield were slower to conceive than cows producing less than 1582 kg. However, it may be noted that the pregnancy reduces subsequent milk yield and a higher conception rate may have an adverse effect on 305-day milk yield.
The influence of parity on the conception rate is of particular interest. In some studies it was reported that primiparas exhibited better fertility performance compared with pluriparous cows. Miller et al. (2001) reported that the non-return rate was 7% higher for cows lactating for the first time than for those that had six or more lactations. Fertility of cows in the first and second lactation was equal, but cows in the third lactation period had lower conception rate and a longer interval between the first insemination and calving (Hillers et al. 1984) . Moreover, Eicker et al. (1996) reported that cows during the third or subsequent lactation periods had an 8% lower conception rate. The results of the present study suggest that the effect of parity on the conception rate depends on the age at calving. The average conception rate was higher for cows that were at least 5 years old and were at least in their third lactation.
In addition, based on the classification tree presented in the present study, the month of first insemination and herd also affected conception rate. Sönmez et al. (2005) noted that cows that were calving between March and May had a 7% lower conception rate compared with animals calving between December and February. Although Bagnato and Oltenacu (1994) reported that cows calving in April, May, June, and July had a lower service conception rate, required more services per conception, needed more days between the first and the second insemination, had a longer interval between the first insemination and calving and needed more days between conception and calving. In the present study it was noted that cows inseminated in January, February, March, April, May and November had a higher conception rate. Individuals younger than 5 years old and at the same time at least in their third lactation and kept in herds 2, 4, 5, 7, 8, 12 and 14 after 1997 had the highest conception rate. However, it should be noted that both the effect of month and herd are probably the combined effects of multiple factors that vary by month or features of particular herd.
Herds were located in different provinces of Iran, which may have been a factor in conception rate. However, our study did not support such a hypothesis. Most herds were kept in arid and semiarid climates, and some of these were among those with the highest conception rate. The herd located in the province with a humid climate was not among those with the highest conception rate, which may suggest that arid and semiarid climate may be preferable in terms of conception rate. However, as not all herds from arid and semiarid climates had the highest conception rates additional factors are likely to be involved. Moreover, as only one herd was located in a province with humid climate more studies would be necessary to evaluate the effect of the climate on the conception rate.
The tree structure obtained in the present study allowed identification of the optimal combination of variants (levels) of examined factors, which could improve effectiveness of insemination. The results suggest that the highest level of insemination success for dairy cattle may be achieved during the following months: January, February, March, April, May and November. Moreover, cows that are younger than 5 years old were characterised by a higher conception rate compared with older cows. The results indicate that high-producing cows had a lower level for conception rate compared with low-producing cows.
As production per cow increases breeding management programs (i.e. perform oestrus synchronisation, heat detection, checking uterine infection and cystic ovaries and use a skilled artificial inseminator) are becoming more important (RodriguezMartinez et al. 2008) . Moreover, other phenotypic factors, which had not been assessed in the present study [calving to first service interval that has an impact on conception rate (Dohoo 1983) ] should be included in future studies that aim to assess factors affecting conception rate to first service.
Conclusions
Based on the results obtained in the present study, we have demonstrated that a classification tree built on the grounds of the Chi-squared statistic was the best model for predicting conception rate. The results indicate various non-genetic factors affecting conception to first service, which, in a decreasing order of importance, are as follows: parity; age at calving; herd; year of calving; month of the first insemination; and milk production. The graphical classification tree model suggests that complex interactions between different factors affecting conception rate exist. The tree structure allows identification of the optimal combination of variants (levels) of examined factors, which may improve effectiveness of insemination.
The application of the decision tree algorithm has led to designate a group of cows (leaf 25) characterised by the best efficacy of insemination (the highest conception rate). In the studied population, the group consisted of cows that were younger than 5 years old while calving; were from herds 2, 4, 5, 7, 8, 12 and 14; were at least in their third lactation; and were inseminated in January, February, March, April, May and November.
